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PREPFACH. 


HE chief feature of the present work is an entire exclusion of all calculations, 
| substituting for them such easy and simple figures as the parabola, triangle, 
and polygon for ascertaining the strains and distributing the metal in Girders, Roofs, 
and any framed structures having simple reactions. There are few instances in 
which this method does not possess an advantage over that of calculation in any 
form. In roof trusses and girders, loaded at many points with unequal weights, 


it certainly has no rival. 


This work forms one volume of a series, and will be, therefore, necessarily 
found somewhat incomplete. Still for all cases, usually occurring in practice, of 
Curved Roofs up to 100 feet span, and of the Girders used in supporting them, as 
well as for those used in buildings and large warehouses, all the information 
necessary for the complete solution of such problems is given in a handy and 
practical form, suited to the wants of the Architect, Engineer, Draughtsman, or 


Builder. 


I have completely worked out the Examples of Girders and Roofs, so as to 


leave no doubt or difficulty as to the practical application of the method used. 
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RIVETTED GIRDERS 


AND 


CURVED ROOFS. 


QUALITY OF WROUGHT IRON, 


(1.) The quality of the iron to be used in any structure should be clearly 
described in the specification, and, upon the inspection of the work during progress, 
a few simple tests should be made, which, for ordinary purposes, should be 
sufficient to satisfy the engineer or architect as to whether or not his conditions 
have been fulfilled. ; 

(2.) For the proper carrying out of such structures as this work treats upon, 
elaborate tests are unnecessary. In the hands of an inspector acquainted with 
ironwork, the tests given here will enable him to judge pretty fairly of the quality 
of the iron used. | 

(3.) Such indefinite phrases as “Best Staffordshire Iron,” and ‘Good 
Merchant Bars” should not be used when specifying, but the following or some 
similar test should be employed :— 

(4.) The plates to be equal to a tensile strain of 20 tons per square inch, and 
a reduction of area at fracture of not less than 10 per cent. 

(5.) Flats, angles and tees to be equal to a tensile strain of 21 tons per 
square inch, and a reduction of area at fracture of not less than 124 per cent. 

(6.) The rivet iron to be equal to 22 tons tensile strain, and 20 per cent, 
reduction of area at fracture, 

(7.) These tests simply dicate an ordmary quality of iron, avd such as would 
be used by most respectable manufacturers, whether stipulated for or not. 

(8.) Many thousands of tons of iron are annually used in the construction of 

Builders’ Girders which would never pass the inspection of any engineer. In fact, 
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it is in this particular class of work that the greatest possible laxity exists. Asa 
rule the Girders are bought in the cheapest market and subjected to severe 
competition. It is, therefore, not to be wondered at, that in the absence of the very 
simplest tests or conditions, the contractor supplies iron which would fall far 
short of the strength of those given here, and that it would probably not be equal 
. to a tensile strain of 16 tons to the square inch. 

(9.) What are called “boat plates” are invariably used in such work, and 
are of the commonest quality of iron. Sir William Fairbairn, when referring to 
this class of iron, said, in a letter to the 7vmes:—“Tf I may be permitted the 
paradox, iron is not always iron. It is sometimes rubbish ; and, in this category, 
I would unhesitatingly place all ‘boat plates’ . . . . =. .. ‘It ig their 
inequality and uncertainty which is most to be dreaded. The strength of the 
whole is that of the weakest part; and, when I tell you that out of the same 
“boat plate,” or iron’of that quality, two pieces have been taken, one of which 
sustained 22 tons to the square inch of section, whilst the other failed at 5 tons, 
I have said enough to show why this dangerous material should be at once 
discarded. . . . . Boat plates are shams. They are got up to deceive by 
appearances. Smooth and well-looking on the surface, the source of- mischief lies 
hidden underneath. But this iron is a curse as well as a deception, for while you 
may be angered at the Yankee who has sold you wooden nutmegs, or the grocer 
who sands his sugar, or the petty swindler who sells you 100 yards of sewing 
cotton ‘warranted’ 200, I know no words strong enough to condemn the practice 
of makers and buyers alike, who, in structures where the safety of life and 
limb is at stake, will, willingly and knowingly, and for gain’s eee alone, 
imperil the existence of their fellow-creatures.”’ 

(10.) This shows how necessary it is to take special precautions to see that 
something approaching the quality specified is used in the work. Unless this is 
done, where is the use of making elaborate calculations and complicated diagrams to 
arrive at the exact sectional area for a given load. 

(11.) No iron, having a lower tensile strength than 18 tons to the 
square inch as a minimum, should be allowed in any work. This would probably 
give an average of 20 tons per square inch, and even then it should only be 
allowed in plates, other sections being as previously stated. 

(12.) Itis not advisable to specify high tests unless a special ‘ brand ” of 
iron. be insisted upon, and a correspondingly higher price be paid for the work. 

(13.) Bar iron, 4 inch thick, of the quality indicated, should stand the 
punching of a # inch hole close to the edge, or bending nearly double without 


showing any signs of fracture. 
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(14.) A strip of plate iron, } inch thick, ought to stand bending to an angle 
of about 35° without shewing fracture ov opening along the edges. Strips cut 
from angle and tee bars should stand a similar test, 

(15.) Rivet iron should be capable of being bent double when cold without 
fracture, as shewn in Figs. 6 and 7, Plate 31; or, of having the head completely 
cut off the rivet without flying, as shewn in Fig. 8. A rivet head when tested by 
the latter method will often fly off at the first blow, which is a sure indication of 
the bad quality of the iron. 


(16.) With regard to the appearance at fracture, plates will generally shew 
about 10 per cent of the section crystallized, flat bars, angles and tees about 5 per 
cent., and rivet iron none whatever. It must, however, be stated that even this 
depends upon the rapidity and method of causing the fracture. 

(1'7.) Itis beyond the scope of the present work to go further into this 
subject. The reader who wishes the fullest and best information, will do well to 
consult that inestimable work by Mr. David Kirkaldy, ‘‘ An Experimental Enquiry 
into the Strength of Wrought Iron and Steel.” 


SIZES OF IRON, 


(18.) It is necessary that the designer of any class of ironwork should have 
some knowledge of the methods of manufacturing the various sections used in 
construction, and the points which determine their cost, as well as where and how 
to obtain them, otherwise he may specify sections difficult to obtain, or only rolled 
by firms making the most expensive iron and particular brands, or he may give 
lengths and widths of plates upon which there would be several “ extras,” thereby 
causing them to cost more than the finished work should do. 

(19.) Itis advisable to specify as few sections as possible, and only those 
most commonly used, unless a quantity is required that would be sufficient to 
induce the makers to “ put in” special rolls. A want of knowledge of this simple 
point often causes serious delays in the execution of the work. 

(20.) Another source of trouble and delay to the manufacturers, and of no 
benefit to anyone, 1s the specifying of unequal and odd sections of angles or tees, 
such for instance as 54 Inch x 2% inch, 64 inch x 44 inch; and 33 inch x 24 inch, 

(21.) It often happens that such sections are of Belgian make, and to 
obtain them would waste much valuable time, added to which objection the very 
inferior quality of the iron must be borne in mind, 
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(22.) Another point to be studied in determining the sizes and weights of 
the bars and plates, is the convenience of handling them during manufacture and 
erection, It follows, from the foregoing remarks, that the greatest economy is 
obtained when the sizes and weights of the iron are those in ordinary use. 

(23.) The following proportions are recommended for adoption as a general 
rule, and to be exeeeded in special cases only. 


LENGTHS, 
Bars, 6 inches wide up to 20 feet long, and inches thick. 
oP) 8 ” oP) 25 9 ” ” 
0) 10 ” ” 25 ” .? ” 
” 12 oP) ” 24 ) 9) % 
Plates, 14 inches to 18 inches wide up to 21 feet long, and 2 inches thick. 
”? 20 ) a4 ” ”) 15 ” ) ”) 


Angles of any size not exceeding 8 united inches up to 30 feet long. 
Tees of any size not exceeding 9 united inches up to 25 feet long. 
Plates should not exceed 4 feet wide or 7 cwt. each. 


THICKNESSES. 


Plates, from } inch up to % inch thick for flanges. 
” ” ” ” iz ” », webs. 

Bars, from } inch up to § inch thick. 

Angles and Tees, from 4 inch up to # inch thick. 

(24.) Where a flange more than 3 inch thick is required, it is more 
convenient to make it in two thicknesses. The reason of this will be found 
explained under “‘ Punching.” 

(25.) Anything under 12 inches wide is called a “bar,” that is, the edges 
are formed even and true in the rolling. It is rarely that anything wider is rolled 
asa “bar” in England, owing to the additional cost, but from Belgium “bars” — 
can be obtained up to 18 inches wide. But, as before observed, the quality is not 
such ag to recommend their use. 

(26.) Plates are rolled wider than the required size, and afterwards 
‘‘sheared.” For ordinary girders, not exposed to view, they may be used in this 
state, but where the work is at all prominent, as in the case of a road-bridge or the 
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main girders of a warehouse, it is usual to plane the edges to make them true and 
even. Under no circumstances should the straightening of plates by hammering © 
along the edges be allowed. 


WEIGHT OF IRON. 


(2'7.) The average weight per superficial square foot of wrought iron, 1 inch 
thick, is 40 Ibs., and upon this basis the weights of structures are usually 
calculated. To facilitate this work some tables are given on Plates 1, 2, 3 & 4, of 
a more extended nature than are to be found in the ordinary books of Weights of 
Iron. 

(28.) Cast iron, one foot square and one inch thick, weighs 374 Ibs. 


WELDING. 


(29.) Welds should be avoided as far as practicable. In the case of roofing 
they are absolutely necessary even to a very large extent. It is therefore an 
important duty of the Engineer or Architect to see that these weak places are made 
as strong as good workmanship will permit. One faulty weld in the main tie of 
a roof would be sufficient to cause the collapse of the entire structure. 

(80.) No matter how carefully a weld is made, it is almost impossible to 
bring it up to the strength of the main bar, and it is quite impossible to guarantee 
that any number of welds shall be perfect. Kirkaldy shews that there is an 
actual average logs in strength of 15 to 20 per cent. in welds. In a number of 
experiments made to ascertain the strength of welded joints, the loss varied from 
2.6 to 43.8 per cent. This occurred in carefully prepared specimens, and better 
results cannot be expected from ordinary workmanship. It is therefore certain 
that much more importance should be attached to this question than is usually 
done, and that no kind of weld should be allowed to pass without careful and rigid 
examination. 

(31.) Welds should not be permitted in the bottom flange of a girder under 
any circumstances whatever, without due allowance being made for defective 


workmanship. 


STIFFENERS, 


-(32.) Stiffeners are generally placed about four feet apart in ordinary girders, 
subject to uniform loading. Where the loading is at points, a stiffener or pair of 
) 


a 


PD) 


“Zi 


stiffeners, according to requirements, should be placed under each weight. Towards 
the ends of girders the stiffeners should be closer than at the centre, and they 
should always be placed over the bearings. The most useful and convenient sizes 
are Din. x 24. in. and Gin. x 3 in. Tees. Sz=Piete=39. 


PUNCHING. 


-(33.) As stated in the paragraph 24, plates should not be used for 
ordinary girders of a greater thickness than 2 inch. The diameter of rivets is 
usually 2 inch, and it must be remembered that no hole can without difficulty 
be punched through a thickness of iron greater than the diameter of the punch. 
For continuous punching, } inch less thickness is preferable. Where this is not 
attended to, and thick plates are adopted, the holes are made much larger than 
required, and have more taper than is desirable. 

(34.) The result is that the rivets do not fill the holes, and are liable to 
become loose with very little work. Reference to Fig. 9, Plate 31, shews this 
more clearly. Of course, when the holes are drilled, this objection does not 
hold good. 


(35.) Rivets, { inch diameter, should be used if the plates are 2 inch thick, 
and of more than two thicknesses. With smaller rivets they cannot be pulled close 
together, and a severe initial strain on the rivets is the consequence. 

Rivets, ? inch diameter, should not be used through more than four thicknesses 


of 4 inch plates. 


DRILLING, 


(36.) Itis not within the province of this work to discuss the merits or de- 
merits of drilled work. For all ordinary purposes punched work carefully and 
properly done is equally as accurate as drilled. There is the same liability to make 
blind holes in the one case as in the other, These remarks refer to plates marked 
and drilled separately, as is often done; but where the work is fastened together 
and drilled in position, it is of course possible to obtain perfect holes. 

(37.) In the case of Warren Girders and similar work, where much depends 
upon a few rivets, it is advisable to either drill them through the whole number of 
thicknesses, or punch the holes as usual, but 4 inch smaller than required, and, 


when the work is in position, to “‘rimer”” them to the required size, after the 
manner of drilling. 
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(38.) Inaccurate punching or drilling causes the holes to be “blind,” that 
is, they do not properly coincide. This renders necessary the use of the “ drift ” 
in rather a barbarous manner, as shewn in Fig. 10, Plate 31. The free use of this 
tool should be prohibited on good work. Its use may be necessary to a small 
extent, but not to the dangerous degree to which it is used. If the plates could be 
seen after a steel drift has been driven through bad holes, a state of affairs would 
be frequently revealed that would condemn otherwise perfect work. The plates 
are often cracked in a very dangerous manner. 


RIVETTING, 


(39.) Small Girders are almost invariably rivetted by the machine. It often 
happens, however, that the most important parts of the girder, such as the joints 
in the bottom flange, cannot be conveniently done by the machine, and are 
consequently put in by hand. The stiffeners are also generally rivetted by hand. 

(40.) ‘The best test of the value of each method will be seen in taking out 
some of the rivets. Those carefully put in by the machine, will, after the head has 
been cut off, resist every attempt to drive them out, so completely has the rivet 
filled the irregular shaped hole, as shewn in Fig. L1, Plate 31. Hand rivetting is 
often so carelessly done, that, after the head has been cut off, the rivet will fall out 
of the hole by its own weight. As a general rule they are rarely put in so well 
that a few blows from a sledge will not drive them out. The cause of this is not 
far to seek. Rivetting is usually done by piecework—so many rivets for a day’s 
work. It is therefore to the workman’s interest to get as many rivets in as he can 
per hour, and he is not very scrupulous as to the way in which he does so, provided 
that they sound tight when finished. If any should appear shaky, a ready means 
is found in the “snap” or a caulking tool, which he invariably carries in his pocket, 
to remedy these “‘ little ” defects. : 

(41.) It is therefore a matter for no surprise that even during transit from 
the works to the site, hand-rivetting will often become quite loose, and consequently 
a source of danger. 

(42.) Rivets should always be heated from head to point. Rivets used by 
the machine are invariably heated all over by means of a furnace, as a forge could 
not possibly keep the machine as work. Rivets put in by hand are. heated by a 
lad at a small forge, and no amount of supervision will ensure all of them being 


heated from head to point as such a course is opposed to the financial interest of 
Pie 
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the workman. He will knock down a rivet heated at the point only in a much 
shorter time than the same rivet heated all over, because in the latter case a 
considerable number of the blows go to swell the rivets in the holes before the 
head begins to form. 

(43.) In such a case the workman is still equal to the occasion, and instead 
of allowing his first blows to descend perpendicularly upon the point of the rivet, he 
directs them obliquely, and forms the head on one side of the hole, as shown in 
Fig 12, Plate 31. Another common fault is shewn in Fig. 12 A. 

(44.) This is no exaggeration, but a fair statement of what occurs to 
hundreds of rivets in many structures. It therefore follows that, when inspecting 
work, the eye should be carried along the edges of the flanges to see that no large 
proportion of the heads is so seriously faulty. 

(45.) The safest plan is to make full-size drawings of the various rivet 
heads to be used, and to draw attention to them as the minimum sizes which will 
be allowed. See Figs. 18, 14, 15, Plate 31. 


PAINTING, 


(46.) The proper painting of all Girders and Roofing is an important 
element in their durability, and yet it is nearly always overlooked, or done in such 
a slovenly manner as to render it worse than useless. 

(4'7.) In designing ironwork it is very seldom that any allowance is made 
for the constant deterioration which takes place through rusting, and yet this is 
oftentimes very considerable ; and where the work cannot be reached conveniently | 
after fixing, should certainly be taken into account 

(48.) The best time to paint ironwork is upon its completion, and before 
leaving the manufacturers. Great care should be taken to thoroughly scrape off 

the rust and the thick scale which forms on the iron at the time of rolling. 
| (49.) “When fixed, the work should receive at least another coat, as the first 
often gets damaged during transit and fixing. Iron oxide paints are the best for 
ironwork, and this is the kind generally used by the manufacturers. 


EXPLANATION OF PLATES. 


(50.) The Plates numbered 1 to 6 inclusive do not require any explanation, 
(51.) Llate'7. This table is designed to assist in the rapid calculation of 
the sectional area of any girder carrying an uniformly distributed or central load. 
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If the load be uniformly distributed, then the figures in the tadle, multiplied by 
such load, give at once the required net sectional area of the bottom flange. 
Where the load is central and concentrated, as in the case of a girder resting on 
either flange, multiply twice the load by the figures in the table corresponding to 
the depth and length of the required girder. The result is the net sectional area 
of the bottom flange. 

(52.) From this it is evident that the table has been calculated for a load of 
unity. 

(53.) The strain adopted for the bottom flange is 5 tons per square inch of 
nett sectional area (the gross area minus rivet holes) and for the top flange 4 tons 
per square inch of gross sectional area. These proportions will be approximately 
attained by making both flanges alike. 

(54.) The table can also be used for ascertaining the safe load of any given 
section. ‘To do this it is simply necessary to divide the net sectional area of 
the bottom flange by the figures in the table corresponding to the span and depth 
of the girder; the result is the safe distributed load in tons. 

(55.) To make this perfectly clear, the following Examples are given :— 


The Load, Span and Depth being given to find the Area. 

Required the net area of the bottom flange of a girder, 76 feet span and 
46 inches deep, capable of carrying 40 tons distributed over its 
whole length ? 

The figures in the table = 496 x 40 = 19.8 square inches. 

The Span, Depth, and Area being given to find the Safe Load. 

What is the safe distributed load of a girder 65 feet span, 54 inches deep. 

and with a bottom flange containing 43 square inches ? 

a The figures in the table = °362, and the area of bottom flange = 43. 

43 
= 119 tons safe load. 


362 
Central Load. 
What is the net area of the bottom flange of a girder, 23 feet span and 
22 inches deep, to carry 25 tons central load. 
The figures in the table = .3814 x 2 x 25 = 15.7 square inches. 

(56.) Plates 8 to 16 tnelusive.—These are intended for use in connection 
with the previous table. After the net area of the bottom flange of a girder has 
been ascertained, the next process is to arrange the metal to the best advantage. 
This necessarily takes some time, and where a large number of sections is required, 
the use and value of this tabulated series of sections will doubtless be appreciated. The 
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net sectional area of the bottom flange is in every case figured immediately over 
the section, and each section is numbered for reference. Up to, and including 
flanges 15 inches wide, only two rivet holes have been deducted, but for 16 inches 
wide and beyond, four rivet holes have been deducted to meet the case of bent 
stiffeners, which should in all wide girders be used. 

(57.) Deductions for Rivets.—Except in the first few sections on Plate 8, for 
which 2 inch rivets have been taken, and ? inch holes deducted, the whole of the 
sections have been taken for # inch diameter rivets and 1 inch hole deducted. This 
may appear an excessive deduction for a % inch rivet. It is, however, certain that 
a punched plate suffers a loss more than the actual hole indicates, and this is clearly 
seen in most girder plates by the numerous cracks which for some distance surround 
the holes. Then again, the holes are not always exactly opposite or “fair,” and the 
drift must be used, or the holes rimered larger to enable the rivets to be inserted. 
Taking these things into consideration, the deduction of an inch hole for a ? inch 
rivet is not excessive. The whole of the net area of the angle irons has been 
included, but no portion of the web. 

(58.) The Web.—It was originally intended to insert a table giving the 
thickness of the web for various loads and depths, but the intention was abandoned, 
as the calculation for girders loaded uniformly or with central weight, is only the 


work of a moment. It will be found in many cases that the web will not require 


(theoretically) a thickness of + inch, but in no case, either jor web or flange, should 
a thinner plate than this be used, and, when employed, it must only be im places 
which can be conveniently painted periodically. ; 

(59.) To ascertain the thickness of the web, divide the total load on the 
girder by two. ‘This gives the amount carried by each support. Then divide the © 


quotient by five, to obtain the number of square inches of metal reqnired at the 


ends. Reference to the tables of areas will now give the thickness of plate, taking 
the depth of the girder as the width. 

(60.) For a concentrated load this thickness must be maintained throughout 
the whole length of the girder, but for a distributed load it may be reduced to 
3 inch at the centre, if the girder be over 30 feet long or deeper than 18 inches. 
For small girders it is more convenient to keep the web the same thickness through- 


out, 


Plate 17.—Warren Girder supported at Ends and carrying Concentrated Load at any Point. 


(61.) Fig 3 represents two girders. One is loaded at the top at Q, and the 
other on the bottom flange at F. Fig. 1 is the diagram of strains for a girder 


- loaled on the bottom flange, and is drawn as follows :— 
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The load being eleven tons, and the bottom flange divided into eleven 
bays by the braces, it is clear from the position that -2, of the load 
are conveyed to the right hand support R? and 58 to R*. Referring 
now to Fig. 1, make the line X Y = 8 tons, and Y Z = 3 tons, toa 
scale of 4 tons to an inch, representing the re-actions of Rt and 
R? respectively. | Draw lines from X Y and Z parallel to the 
flanges, and from the point Y draw the line Y A parallel to the line 
Y A in Fig 32, and cutting the line through X. Similarly draw 
ABCD EF, Fig. 1 parallel to the corresponding lines in Fig. 
3. Again commencing at Y in Fig. 1 and at R’in Fig. 3, draw 
U, T, 8, R, &., Fig 1 parallel to the same bars in Fig 38. If the 
diagram has been accurately drawn, it will close at the point F. 

The strains on any bar can now be measured from the diagram by the 
scale of tons. The line X represents the bottom flange from R! to 
the weight, and the line W from the weight to R*. The line 
Y BD F gives the strains in the top flange to the left of the weight, 
and YT RPN, &c., those of its right hand side. 

(62.) ‘The strains on each bar and portion of the flanges are clearly marked 
on the diagram. It is evident that in this girder the vertical angles and plate at 
each end might, as far as the strains are concerned, be dispensed with. It is, 
however, usual to retain them in small girders, as they assist to keep the girder 
in position when the ends are built in a wall or attached to a column, and are often 
useful for other purposes. Fig. 2 is drawn on the same principle as Fig. 1, and, 
_ therefore, needs no further explanation. 


Plate 18. Warren Girder supported at ends and carrying Central Load. 


(63.) The student should go carefully through these diagrams with the 
assistance of the explanation given of the last example. These two girders show 
how the strains in the braces decrease as the braces approach to the perpendicular. 


Plate 19.—Warren Girder loaded at any number of points, either uniformly or otherwise. 


(64.) This plate explains the method of obtaining the strains in any warren 
girder, with weights at any number of points. 


(65.) Fig. 1 shows the strains resulting from the weights at the three points 
X XX. The diagram is formed as follows :— 
Draw the verticle line 10.1 equal to the total load on the girder, and, as 
the three weights are equal, divide it into three equal parts, and 
from each point draw lines of any convenient length parallel to the 
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flanges of the girder. Now ascertain the reaction of each suppor 
which, in the case of a warren girder, can be easily done. Thus :— 
Reaction of R*. =, of 4 tons. 
q2y of 4 tons. 
jy of 4 tons. 
Total + he eo 4 tons. 


Set this total down on the vertical line from 10 to V, and draw the line 
V K of any convenient length parallel to the flanges. From the 
point V, and between the lines V K and 10 L, draw the lines 
U TS R QPP, &e. parallel to the corresponding lines in the 
diagram as far as the weight X 5, which is half the girder. For the 
left-hand half, from the same point V, draw A B and B CG, as shewn. 
These two bars support the whole of the reaction of R', and 
consequently cut the line BL. The four bars, © D E F, carrying 
no portion of X 1 to R J, cut the line F 3.2, and the remaining four 
bars, G H I J K, for the same reason cut J 5.4. The strain on 
any bar can now be measured from the diagram by the scale of 
8 tons to an inch. 

(66.) Figs. 2 & 3. After the foregoing explanation, it will simply be 
necessary to point to the main features of these diagrams. The vertical line in 
each case represents the total of the weights on each girder, and is divided into as 
many parts as there are weights. It is also divided into two major parts repre- 
senting the reactions of the supports. When the load is symmetrical, these two 
divisions are equal. In all cases, the line dividing the reactions of the supports” 
represents the strains in the top flange when the girder is loaded on the bottom, 
and the strains in the bettom flange when the load is on the top. 

(67 ) If this girder, with any form of loading were turned over, ore 1s to 
say, the bottom flanze used as the top, and the load applied to the top instead of 
to the bottom, the diagrams would still be correct. The strains, however, would 
be entirely reversed—all the parts now in tension would then be in compression, 


and vice versa. 


Plate 20. Girder loaded with two equal weights equi-distant from the centre. 


(68.) This is an extremely simple and attractive method of determining the 
amount of metal and length of plates in any girder. Fig. 1. Make the line A C, 
by a scale of 50 tons to an inch, equal to the total load on the girder. Divide it 
into two equal parts at B, Draw at right angles the line B D, equal to the depth of 
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the girder, by the scale used for the elevation. Join ACD. This is the polygon 
of forces from which to construct the figure representing the actual stains in the 
flanges. 

(69.) It must be remarked here, that for girders carrying heavy loads, it 
may be more convenient to form a figure of the actual thickness of the metal required in 
the flanges, using the tons as inches. To do this, make the distance B D in 
Fig. 1 equal to the depth, multiplied by the strain per square inch, which is 
to be put upon the metal. Between the thick dotted lines, E F G H, and the line 
EH in Fig. 3, the actual strain at any point in either flange of the girder can be 
measured. To construct this figure, draw perpendicular lines of any length 
through the centre of the bearings, and through each of the weights. Make E F, 
F G, and G H parallel to C D, B D, and A D, in Fig. 1. Join E H and the figure 
is completed, The vertical distance of F or G from the line E H, measured by 
the scale of tons used for constructing Fig. 1, gives the greatest strain at any point 
in the girder, This is about 155 tons, and at 5 tons to an inch requires an area 
of 31 square inches. Any one of the Sec/ions numbered 141 to 145 would be 
suitable. No. 141 has been used. 

(‘70.) The next step is to ascertain the length of the plates. The angles 
must of course run the whole length of the girder, and it is usual to continue the 
first plate in like manner where more than one plate is necessary. Taving 
obtained the sizes of the plates and angles, tabulate them as follows :— 


Net area. Tons per sq. inch. Strain, 
2 Angles, 4x48 8.08 5 40.4 
Plates 14x 7.5 5 37.9 


For Tables of Areas, see Plates 3 and 4. 

Set down the strains vertically, and draw horizontal lines through each 
point. The plates may be stopped off outside the dotted lines E F, 
and G H. 

(71.) Some of these plates are longer than it is advisable to use as a general 
rule. The top plate, 22 feet 8 inches, has been carried over the dotted line a 
sufficient distance to act as a cover-plate to the joints below. 

The shearing strains will be treated subsequently. 


Plate 21. Girder loaded at the Centre. 


(72.) Proceed as before described, by drawing lines through the bearings 
and the weight. It is here more convenient to form the polygon of forces upon the 
line drawn through the weight. Choose any point A, and make A D equal by the 
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scale of tons to the load on the girder. The reactions of the supports being equal, 
draw E B and BC midway between A and D, and each equal to the depth of the 
girder by the same scale as that used for the elevation. Draw and continue lines 
from A, through Iv and C, until they cut the vertical lines at B and C, dropped 
through the supports. The triangle formed by joining B C, will give, when 
measured vertically, the strain at any point of cither flange. The greatest strain is 
at the weight, and measures 210 tons, which, at 5 tons to the inch, requires 42 
square inches of metal. 

Section No. 156 gives this area. Lay down the plates as before described, and 
stop each plate at the thick dotted lines. The 15 feet plate is lengthened to 
act as cover to the joint below. 

(73.) The shearing strain in the web is constant throughout its length, and 
is equal to half the total load on the girder. 


Plate 22.—Girder loaded uniformly its whole length. 


(74.) The greatest strain resulting from a distributed load is only one-half 
of that caused by the same load placed in the centre, It follows, therefore, that a 
girder designed for a distributed load would carry one-half of the same weight — 
concentrated in the centre. The reverse of this does not hold good—the reason 
will be seen by examining the two diagrams. The strains from a central load form 
a triangle, but from a distributed load a parabolic curve. The vertical line being 
drawn equal to one-half the distributed load by the scale of tons, this Fig. 1 is 
precisely similar to Fig. 1 on Plate 21, for the reason already given. 

Draw A C D in Fig. 3 parallel to Fig. 1, as on Plate 21, and, with C E as the 
height, draw the parabola, shown in thick dotted lines, as follows :— 

(75.) Divide A Band A E similarly. From the divisions of A B run lines 
to C, and draw vertical lines upon the divisions of A E, cutting these. The para- 
bola passes through each intersection in succession. 

Vertical lines measured betswveen the curve and the line A D give the strain at 
any point. 

Proceed, as for the last example, to lay down the plates covering the parabola. 

(76.) The shearing strains diminish from the ends to the centre, as shown by 
FGHIK, Fig. 4, and F G and I K are each equal to half the total load. 
| (77.) By the method already explained, ascertain the thickness required for 
the web at the ends, as in Fig. 5. Make Y Z equal to this, and X Z to half 
the length of the girder, join X Y, and diminish the thickness of the web at each 
stiffener, as shown, ee 
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Plate 23.—Girder loaded at any point with a Single Weight. 


(78.) This presents an important peculiarity. In all the previous examples 
we have known the reaction of each support, and, consequently, have determined 
the exact position of the pomt A in Fig. 2 without any difficulty. It would, of 
course, be casy tu calculate the reactions in this case; but instances will often occur 
in practice where this would take some time. It will therefore be advisable to at 
once explain a method of determining them by means of diagrams. 

Make D C, Fig. 2, equal to the total load on the girder. Draw a vertical 
line, whose distance from the line D C is equal to the depth of the girder, and from 

any point A join A D and A C. 
: Drop vertical lines of any length from the centre of the weight and the supports. 
From any point A, Fig. 3, draw A B and BC parallel to A D and A C respectively. 
Join A C, and parallel to this draw A B, in Fig. 2. Above and below the point of 
intersection with D C gives the reaction of each support. 

The Fig. 5, measured vertically at any point, gives the actual strain at that 
point in the girder. 

For the purpose of obtaining the lengths of plates, it will be more convenient 
to make the line A C horizontal, maintaining the vertical distance at B. 

Fig. 4 shows this. The angles and plate are drawn as before explained. 

The shearing strain at the support R’, and extending to the weight, is equal to 
D B, and at R® to B C in Fig 2. 


Plate 24.—Girder loaded with Unequal Weights at any two points. 


(79.) After the explanation of Plate 23, but little needs to be said here. 
The base. line a d in Fig. 8, in this case, is so near the horizontal that it is not 
necessary to draw another Figure. 

Fig. 4, representing the shearing strains, must be drawn from the vertital line 
bede in Fig. 2. Z 

The strains above and below 6 / are carried by R' and R? respectively. 


Plate 25. Girder loaded at any number of points with any number of Unequal Weights, 


(80.). This example embraces nearly every case occurring in practice, and 
should, therefore, be carefully studied. It is a remarkable instance of the suit- 
ability of diagrams for determining the strains and the distribution of the metal, 
in girders loaded with numerous unequal weights. Fig. 2 should be drawn after 
the outline elevation of the girder. The line a / is equal by the scale of tons 
adopted, to the total lead on the girder. Commence at a, and set down the 
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weights to scale in the order in which they occur on the girder. Parallel to a, 
and at a distance equal to the depth of the girder, by the same scale as that to 
which the elevation has been drawn, draw the line y y. From any point x upon 
this line, draw a bed . . . . J. Draw vertical: lines (Fig. 1) of any 
convenient length through the weights and the supports. The lines, 1 2, 2 8, 
3 4, &., are now drawn parallel to a z, b wc x, &e. Join 1 and 11. The 
flgure thus formed, when measured vertically, gives the strains at any point as 
explained in previous examples. To obtain the amount of the reaction for each 
support, draw the line x 2, Fig. 2, parallel to the line 1.11, Fig 6. For the 
purpose of obtaining the lengths of the plates in the flanges, upon a horizontal line 
make the polygon a b ¢ d, &c., of the same vertical heights at the weights, as 
the polygon 1, 2, 3, 4, &., and then proceed in the manner already explained. 
The polygon of forces, Fig. 4, and the polygon of strains, Fig. 7, are drawn to shew 
the effect of moving the point « . Fig. 7, measured vertically, is similar to 
Fig. 6. 

(81) The shearing strains, represented by Fig. 5, are drawn from the 
vertical line aj, in Fig. +. b¢ de fg, &, Fig. 5, are equal to a 6, 6 e, 
ed, &e., Fig. 4. The line x a, drawn through the point x, separates the strains 
passing to each support. 


CURVED ROOFS, 


(82.) Plate 26. These are examples of curved roofs constructed without 
trusses. Figs. 1 and 2, shewing spans up to 25 feet, are formed of 18 to 20 
B. W. G. galvanized sheets, having corrugations 5 inches from centre to centre 
(usually termed the pitch’. The corrugations most in use are 5 inch and 3 inch, 
For any other pitch special dies may have to be made. The depth of the corrugation is 
ge.erally made th of the pitch, and as the strength increases with the depth, it 
follows that 5 inch corrugations are stronger than 3 inch. The latter pitch should 
only be used for sheets thinner than 21 B. W. G. 

(83.) Where these light iron rovfs are used for buildings, open at the ends 
or sides, the greatest care should be taken to securely fasten them to the walls or 
columns, and the latter to the fuundations. Their own weight is no security what- 
ever against the wind lifting them off the supports. 

(84.) Where the tie rods are attached to lugs cast on the gutters, the metal 
of the gutters should be increased in thickness by at least 4th for not less than 
6 inches on each side of the lug. The holes should always be drilled after the 
gutters are cast, This also applies to lugs cast on columns. . 
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(85.) The durability of galvanized sheet iron mainly depends upon the 
purity of the atmosphere in which it is fixed, the freedom from acids, smoke, &c. 

(86.) In all cases where the building is intended to be permanent, the 
sheets should be either tarred or painted as soon as they are fixed, and this should — 
be repeated about every three years. By these means the building may remain 
watertight for an indefinite period, but, unless this be done, the sheets will be 
practically destroyed by the action of the weather, &c., in from 5 to 10 years. 
Under exceptionally suitable conditions they may last considerably longer than 
even this latter period. 

(87.) In a substantial building, sheets of a thickness less than 18 B. W. G. 
should not be used, and spans of 25 ft. should have, at least, one purlin at the ridge. 

(88.) Rivets should be about 32, inch diameter, and about 12 inches apart 
in the transverse seams. The longitudinal seams should ‘break joint,” that is, 
they should not form a continuous line, and the sheets should over-lap each other 
not less than 4 inches or more than 6 inches, with a double row of rivets. 

(89.) When finished, the roof should be level at the top, and free throughout 
the whole surface from the depressions that are usually made by incompetent erectors. 
The fixing of these roofs should always be done by men accustomed to such work, 
and never entrusted to unskilled labourers. This precaution is, however, 
often ignored, disappointment is the result, and, probably, iron roofs are condemned. 
After the roof has been spoiled, the would-be erector thinks that an angle bar here, 
or a tee bar there, would have made all things right. The practical man sees at 
once, that a competent erector was what was wanted in the first instance, and, had 
he been employed, everything would have been satisfactory. 

(90.) Sheets of the thicknesses previously indicated are usually made, 
without extra charge, in lengths not exceeding 8 feet, and of widths up to 2 feet 
9 inches. It is, therefore, advisable to keep within these dimensions as far as 
practicable. 


(Q1.) Table of Weights of Sheets of various gauges, including laps. 


‘i Thickness compared Approximate Weight in lbs. 
B. W. G. with inches. per square of surface. 
16 .065 385 
18 049 -- 288 
90 035 ook 
992 .028 190 


(92.) All holes for rivets, bolts or screws, should be punched in the sheets | 
when being fixed, and always in the top of the corrugation. 
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(93.) Fig. 6 shewsa roof with parlins and struts, but without rafters. This 
is suitable for spans not exceeding 40 feet. The ventilator shewn can either be 
placed at intervals, or run the whole length of the rvof; not more, however, than 
every third sheet should be cut. Fig. 10. Fora roof of this kind and span, the 
sheets should not be less than 18 B. W. G. If the radiating ties are enclosed in a 
strong tube, as shewn by Section A, the roof would be thereby stiffened. Hf 

(94.) In all cases the greatest precautions should be taken to securely fasten 
down the sheets at the eaves. 

(95.) Plute 27. Suitable designs for trusses for curved roofs are not so 
numerous as those for pitched roofs. It is probable that the design used here is 
superior to any other in every respect. For sinall spans, it especially offers facility 
and simplicity of construction. 

(96.) The load adopted is 56 lbs. per square foot of area covered, and this 
includes the weight of the structure, the weight of snow, and the pressure of the 
wind. A diagram* of strains for the load indicated, uniformly distributed over 
the whole surface of the roof, is given for each example. 

(9'7.) In addition to this, a roof truss should be capable of sustaining an 
unequally distributed load, as, for instance, when the wind blows upon one side 
of the roof only. This is shown in the diagrams, Figs. 2, 5 and 11 for the loads 
indicated upon the trusses, Figs. 4, 6 and 12. A little reflection will shew that 
such a disposition of the load can never cause a greater strain upon the rafters and 
main tie rod, than when the whole load is equally distributed. It is clear, however, 
that this unequal loading may be so varied as to effect an alteration in the whole 
of the braces. It is therefore necessary to make each of the braces sufficiently 
strong to resist the greatest compressive and tensile strain brought to bear upon 
any one of them by the load being upon one side only of the roof. This has been 
done in every example. . 

98. With the student, the difficulty often arises as to the method of 
distinguishing the braces in tension from those in compression. Under an 
uniform load and with a horizontal tie rod there would be no strain in any of the 
braces, but when the tie rod is cambered, as in these examples, under such a load 
all the braces are in tension, as indicated by the diagrams. ‘The difficulty occurs 
when the load is not uniform. Refer to tho outline, Fig. 9, and the diagram Fig. 
10. Cut the truss at any part with an imaginary vertical line, and find the lines 
in the diagram corresponding to the bars cut in the truss. The horizontal distance 
of the struts from the vertical line of forces & 7 should equal the horizontal distance 


* T should have stated earlier that I have adapted Mr. R. Bow’s method of lettering the diagrams, both in this 
youl. and in Vol. I., in preference to numbering each bar. 
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of the ties from the same line. Take, for example, a section through the bay ‘‘a” 
cutting the rafter and the tie rod. Now @ m and aj in the diagram represent 
the strain on these bars. The strain on the tie red and the rafter being invariably 
tensile and compressive, the horizontal distance of the point a is the same for each 
bar. Taking the section through 4, and cutting the brace a 4, it requires in the 
diagram the horizontal distance of the main tie @ j, which is known to be in 
tension, and the brace a 6 to balance the horizontal distance of the bar or rafter 
bn. It is clear, therefore, that the brace « 3 is the tension. ‘Take another 
example :—Through the bays fand e draw a vertical line, cutting the brace e¢ / 
and the bars ¢ 7 and f p under the unequal load Fig. 11. It requires the bar 
J p, known to be in compression, and the brace e jf, to balance the horizontal 
distance e 7, known to be in tension, therefore the brace e / is in compression. 


METHOD OF DRAWING THE DIAGRAMS. 


(99.) Take Fig. 10, representing the strains on the truss, Fig 9, under an 


uniform load. The load being 12 tons, each brace or pair of braces receives 2 tons 


and the supports | ton each. Draw the vertical line of forces equal to 12 tons. 
Mark off the 1 ton at each end as taken up by the supports, and the remaining 10 
tons divide into 5 equal parts, representing the 2 tons at each division of the rafter 
by the braces. It must be mentioned here that the letters on each side of any bar 
in the truss are given in the diagram at the end of the line representing the strain 
on that bar. It will not, therefore, be necessary to say that a 6, or ¢ d, &c., 
must be drawn parallel to a 0, or ¢ d, &e., in the truss. Returning to Fig. 10, 
the load being equally distributed, the point / is in the centre between ki. The 
two divisions represent the reaction of the supports. From this point J, the whole 
of the lines representing, and parallel to the tie rods, are drawn, but no other line. 
Draw the line a m, cutting the line a 7; and bn, cuttinga 6; and ¢ /, cutting 
bc; and do, cutting de; and ¢ J, cutting e d, which completes half the 
diagram. Proceed in the same manner to draw the other half, which should meet 
at the point e, if the whole is correctly drawn, The lines in the diagram now 
represent the strains on the bars in the truss, to the scale of tons adopted. 

(100.) It remains to be explained how to determine the position of the 
point j under an unequal load. The method already given for obtaining the 
reactions of the supports for the plate girders, is the simplest that can be offered 
for this purpose also. Draw the vertical line of forces, fully divided, and take 
any point a, at any convenient horizontal distance. To this point, from each 
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division, draw lines through each weight on the truss, as shewn in Fig. 2, Plate 
25. Form the figures, 1, 2, 3, 4, &., there described, and draw the dotted 
line x The point required is at the intersection of the vertical line by the 
dotted x. From this point draw the lines representing the main tie. 

(1O1.) Plate 28. The explanation given for the diagrams on the last plate 
will also apply here. Fig. 6 shews a suitable covering where plenty of light and 
ventilation are required. 


Plate 380. Details of various connections of Girders, Columns, Bage-Plates, &c. 


(102.) These are intended as guides to the architect and engineer, 
unaccustomed to ironwork, to aid them in selecting some of the best methods of 
attachments of the various parts shewn. Several methods of using loose base- 
plates to columns are given, which deserve attention, as this is a point too often — 
ignored, Where a large column is used, it is important that a proper and sufficient 
bearing area should be given to it, and as much care should be tiken to determine 
this, as in calculating the proper thickness of metal in the body of the column. — 

(108.) The joints of columns and stancheons should invariably be turned, 
or otherwise faced fair and true. Unless this be done, the strength of the 
column may be materially diminished, and if of great length, rendered dangerous, 
by the pressure passing through one part only of the column, thus tending to break 
it by a transverse strain. For this same reason, all projections receiving girders or 
other weights, should be made as short as possible. 

(104.) Girders should not be connected together on the top flange, but 
always as near the centre of the web as convenient. When this is not attended to, 
an undue strain is placed upon the connection by the girder acting as a continuous 
girder. This is not the most objectionable result, for the girder having been 
calculated for a single span, is very liable to become seriously crippl2d, especially 
if it be an open webbed one. 

(105.) Fig 15 shews rolled joists passing over a column. In a case where 
there are only two spans, it must not be imagined that the advantages of a 
continuous girder are obtained. The joists should not be loaded with a greater 
load than if the two spans were quite distinct. The chief advantages gained are 
(a) a more rigid floor, as the deflection is considerably reduced, and (6) an excellent 


tie to the outer walls. 
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RIVETTED JOINTS IN TENSION. 


(106.) Plate 31, Fig. 1 shews a lap joint. This may fail by tearing the 
solid plate, or by shearing off the rivet heads. The weakest part, when properly 
designed, is through the single rivet A or B, as indicated by the line C D; because, 
before it could break through C C, the rivet A must be shorn, and before it can 
tear through the line E F, the three rivets A C C must be shorn. In a joint of 
this kind, the collective sectional area of the rivets should equal, at least, the net 
sectional area of the plate through the rivet A. 

(107.) Figs. 2, 3 and 4 shew joints usually met with in girder work, In 
Fig. 2, with only a single cover, the collective sectional area of the rivets on one 
side of the joint should, at least, equal the net sectional area of the plates joined. 
Where two covers are used, as in Fig. 4, only one-half the number of rivets need be 
used, for, before the joint can give way, each rivet must be shorn at two sections. 

About 10 per cent. additional rivets should be added to allow for defective 


workmanship. 


BEARING AREA, 


(108.) An important point, but too often disregarded, is the bearing area 
of rivets and bolts forming connections. It is not sufficient to consider only the 
shearing strain. It is evident that, where very thin plates are connected together, 
the joint is liable to give way by the buckling across the rivet holes of the pieces 
joined. To meet such a case, the bearing area of the plates against the rivet - 
should be so arranged that the diameter of one rivet, multiplied by the thickness 
of the plate and by the total number of rivets on each side of the joint, and by 
eight tons, should equal the net sectional area of the plate multiplied by five. In 
other words the bearing area may be strained to eight tons per square inch. This 
is much more important in roof connections than in the joints of girders. Where 
a bolt passes through the rafter and tie rod without plates, the area of the tie rod, 
multiplied by five, should equal the diameter of the bolt multiplied by the thickness 
of the rafter, and by the eight tons per square inch. 
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MEMORANDA. 


The strength of the whole is that of its weakest part. 
Covers should be as strong as the parts they serve to join. 


The top flange of any girder of single span, is invariably in compression, and 
the bottom one in tension, whether loaded on the top or bottom flange. 


The web should be considered as carrying the shearing strain only, 


The top flanges of girders should have cover-plates exactly similar to the 
bottom ones, as a perfect butt or close joint is rarely, if ever, made. 


The approximate weight of a girder should always be added to the actual load 
upon it in obtaining the strains. 


Struts of a length equal to about 25 times their least diameter, suffer almost 
entirely by being buckled. 


Bars in compression should be calculated as struts, and the metal arranged 
accordingly. It is utterly wrong to strain every bar in compression to an uniform 
extent. 


A table of Strengths of Struts is given in Vol. I. 
Wrought iron columns (see Fig. 17, Plate 31) are much more reliable than 
cast iron, and where there is any possibility of heavy weights coming into contact, 


(e.g., a cartwheel clashing against a column), they should be used. 


Bolts should not be used in tension unless the threads have been properly cut 
in the lathe. | 


In small structures pin joints are expensive. 


Purlins for a sheet covering should not be more than 8 feet apart. The size 
depends on the distance of the principal from centre to centre. See Vol. 1. 


A good purlin is formed by putting timber inside an angle bar, as shewn in 
Volk, 
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In roof trusses the ties may be strained to 6 tons per square inch. 

“ Galvanizing” is coating iron with zine. 

A crowd of people weighs about 112 lbs. per square foot, and floors in public 
buildings should be made sufficiently strong to staad this as a moving load, without 
straining the iron to more than 5 tons per square inch. 

A high tensile strain alone does not indicate the quality of the iron. 

Girders of less width than ;',th of span should be held in position laterally. 


Wind ties placed diagonally in each of the end bays of a roof, are sufficient 
when the purlins are properly attached to the principals. 


All girders should be cambered 1 inch in every 4) feet of span for settlement. 


Elasticity is in direct ratio to the force applied. ach ton stretches wrought 
IV0N ga'yyth part of its length. 


The greatest care should be taken to have every bar in a structure of the exact 
length required. ; 


A “square” contains 100 feet super. 


Cast iron struts should not be used in a roof. 
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PLATE lL. 


Weights per foot of Kound and Square Wrought Iron. 


Side of 


Square. Round. Side or Square. Diameter. Side or re. i i 
Tee tbe, lbs. diameter. AB lbs. . aan stee. ee Be 
au ae ae 4 53.38 41,89 8 213.3 167.6 
dy 013 .010 ats 55.01 43.21 is 216.7 170.2 
Fe 052 041 i 56.72 44.55 $ 220.1 172.8 
Ss Ay 092 is 58.45 45.91 a 20805 NTs 
2 .208 164. t 60.21 | 47.29 4 226.9 178.2 
ts B26 .256 ds 61.99 48.69 at 230.8 180.9 
3 469 868 $ 63.80 50.11 2 233.8 183.6 
ee .688 501 ve 65.64 51.55 te 237.3 186.4. 
$ .833 654 b 67.50 58.01 $ 240.8 189.2 
aoe 1.055 828 25 69.39 54.50 or 244.4 191.9 
g 1.302 1.023 $ 71.80 56.00 $ 248.0 194.8 
a4 1.576 / 1.237 44 73.24 57.52 44 251.6 197.6 
z 1.875 1.478 } 75.21 59.07 3 255.2 200.4. 
tg 2.201 1.728 +e 77.20 60-63 48 258.9 208.8 
$ 2.552 2.004. 5 79.22 620m z 262.6 206.2 
45 2.930 2.301 a 81.26 63.82 15 266.3 209.1 
dt Bribes . 2.618 5 83.338 65.45 9 270.0 OH), 
ate 8.768 2.955 is 85.43 67.10 is 273.8 215.0 
4 4,219 8.3818 $ 87.55 68.76 2 277.6 218.0 
os 4.701 8.692 ie 89.70 70:45 3s 281.4 221.0 
t 5.208 4,091, t 91.88 72.16 4 285.2 224.0 
fs 5.742 4.510 ts 94.08 73.89 Js 289.1 227.0 
$ 6.302 4.950 $ 96.80 75.64 Fa 293.0 230.1 
5 6.888 5.410 ve 98.55 77.40 ae 296.9 233.2 
$ e500 5.890 $ 100.8 79.19 i 300.8 236.8 
ae 8.188 6.392 2s 103.1 81.00 oh 304.8 239.4 
£ 8.802 6.918 § 105.5 82.83 P 308.8 249.5 
44 9.492 7.455 i} 107.8 84.69 14 312.8 245.7 
3 10.21 8.018 £ 110.2 86.56 Fs 316.9 248.9 
13 10.95 8.601 aa 112.6 88.45 18 321.0 252.1 
# i172 9.204 $ 115.1 90.36 5 825.1 255.8 
15 12.51 9.828 48 117.5 92.29 15 329.2 258.5 
2 il s33) 10.47 6 120.0 94.25 10 333.3 261.8 
as IQUE) So es cation 2! is 122.5 96.22 is 387.5 265.1 
4 15.05 11.82 é 125.1 98.22 h 341.7 268.4 
ae 15.95 12.58 os 127.6 100.2 oy 346.0 Nealey 
+ 16.88 13.25 Pd 130.2 102.38 4 850.2 275.1 
as 17.88 14.00 ts 132.8 104.8 os 854.5 278.4 
3 18.80 14.77 2 185.5 106.4 3 858.8 281.8 
le 19.80 15.55 ie ie algiskal 108.5 aa 363.1 285.2 
3 20.83 16.36 + 140.8 110.6 4 86725 |) 288.6 
a5 91.89 17.19 vs 143.6 112.7 Zs 871.9 292.1 
$ 22.97 18.04 f 146.3 114.9 § BY) 295.5 
44 24.08 18.91 ib 149.1 117.1 14 380.7 299.0 
2 25.21 19.80 o 151.9 119.8 3 385.2 802.5 
13 26.37 20.71 a8 154.7 121.5 13 389.7 306.1 
Z 27.55 21.64 a 157.6 123.7 % 394.2 309.6 
15 28.76 22.59 +6 160.4 HOG) — 15 398.8 818.2 
3 80.00 23.56 Te -a163:5 128.8 ia 4038.3 816.8 
a 31.26 24.55 iis | 166.8 180.6 as 407.9 320.4 
Fs 82.55 25.57 3 i692 132.9 k 412.6 324.0 
me 28 38.87 26.60 ah eel Oeo 135.2 5 A172 Sora 
} 35.91 27.65 4 175-2 137.6 } 421.9 331.8 
ae 36.58 28.73 fs 178.2 140.0 ay 426.6 335.0 
3 87.97 29.82 B 181.8 142.4 Fy 431.8 338.7 
a6 89.89 30.94. is 184.4 144.8 is 436.1 842.5 
$ 40.83 - 82.07 5 187.5 147.3 } 440.8 346.2 
2, 42.30 33.23 ee 190.6 149.7 ae 445.6 350.0 
$ 43.80 34.40 $ 193.8 152.2 5 450.5 353.8 
44 45.88 85.60 ee 197.0 154.7 14 455.8 357.6. 
it 46.88 36.82 2 200.2 57.2 x 460.2 361.4 
13 48.45 88.05 4g 203.5 159.8 4 465.1 365.8 
$ : 50.05 BOS 3 206.7 162.4 a A701 369.2 
a 51.68 40.59 See 210.0 164.9 15 475.0 373.1 


, . | PLATE Q. 
Wo OW Gree se Ee oN 


WEIGHT OF FLAT BARS PER LINEAL FOOT. 


WY ah iD Os oe ee Cee aS 


Heo Ls ee ee BD  Qbo ORS 23 3 33 33 33 4 47 43 A ) g Oe. Oe 6 
208 = 260-813. 236 ALT. 469°. pane 5738 1625. 60 Seo) eS 833) 885 938. .990 104 21609) 1s 10 125 
Ay 2 5Ol 605: aed 838.9881 1.0410. 1.15 1.25 1,35 a aieeG lene eG ik 88 1.98 208. 219 “229 © 9.40 2.50 
625. A AgS1 1988209 25. ALE ieee, a.72 168i". 2.08% $200: 2134 2501822 66> 2.81 22 OY Bulg "3.28 34d = 350 3710 
838 1.04 1.25 1.46 167° 1.88. 2.086: 2.29 9.500. 2:70 = 2202) s aaul8 S25. 354 8.16 98,96 Ae A388 458 AGS 5.00 5 
1.04 1.30 1866 1.82 208. 2.34 B60 2186 3:18 3.39 2-265) = 20 LA AAS 460%. 4.95 521 5.47 5.73 5.99 625, & 
i 125- se = hee 20 20; 281 “Ben? 844 Bu7b. 406.788. 69 5.00.) 28:31 15,68 2°75 ,94 625 576.56 6,88 - 7.19 150 ate 
ts 1.46 182 20 2555 2.92 8.28. 3.65 4,01 ABR. AWA c, eos Oey 5.881 620°. 6.56. 6:08 Te20e 2 760: S802" B88, 1s 1875 ae 
a 1.67. 208. 2502.92 Bios. 8:70 aA! 268 5.00 «6.42 «=. «6.83. «6.25 G6KeL 1.0852 7.50 08 883° 8.75. 9.17 9.68" ~- 10:00) 10 
a 1.88 2.34. 2,618.28 8.75. 422 4.69 5.16 5163 ~ 6.097106. 7,08 (50 4e 00 BAA BOL 9.83 0.84: 1031 10.78 2. 415. dienes 
4 2.08, BiG Sloe) 3.09 417 4.69 ° 6.21 5.78 6.25 GTi ip meaey seed 8.33 | 8,85 9.38 9.90 10.42 10.94 11.46 11.98 12.50 13.02 
7 0:90 O16 8AL. 4.01 4.58 36.16) 6.78. + 6:30 6:88) 7.45. 8202) 8:60) O17] 9.74 10.31 10.89 11.46 12.03 12.60 1818 13.75 14.32 
3 2.50 3.138 3.75 4.38 5.00 5.638 6.25 6.88 Tb0n. Sass Cao ©0188 10:00; | 10,63. 11.25 11.88 12.50 18.18 18.75 14.88 15.00 15.63 
+t 9.71 8.89 406 4.74 5.42 6.09 6.77. 7.45 Base S6B0: < Oes, 106 10.88°1 11.51. 1219. 12.86 13.54 14.22 14.90 1557 16.25 16.93 
4 B99 Bieo: aise. oO 5.88 6.56 7.29 8.02 8:75: 9.48 -10.21  * 10.04 WL67.| 12:40 “13.132 13.85 © 14,58 16,81. 16.04 16.77 -° 17.50 Tees 
+8 3.18 3.91 4:69. 6.47 6.25. 7-03. 7.81 ~ 8.59 9.38 10.16 10.94 11.72 12.50 \ 13.28 14.06 ~ 14.84 15.63 16.41 17.19 17.97 18.75 19.58 
1 8.38 417 5.00 5.88 C671 7.50 af Bigs on OT 10.00 10.83 11.67 12.50 13.33 |.14.17 - 16.00 15.88 1667 17.60 18.88°19.17 20.00 20:88: 
meee Chen 68e Ger 7h ete: 8B 81° SF 82 ) Sees) emer 3 LO; LOe->-104-. 102 ale alee ee 12 
ve M35); 14d 126 Mls: Ae. AB ane 0 eee eee 5 188 1.93 198 2.03 2.08 214 219 2.24 2:29. 2134 “940 12.46 2.50 
oe Qs 168i 5.99 300) 3.18. 8.98 8.33. 344) 8154 8.65 3.75 «63.85. 3.96 4.06 £17 427° 438 4.48 4.58 4.69 4.79 4.90 5.00 
6 4.06 4,29 4.38 4.58 469 4:84 500. 6.16: 5:81. 5.47 5.63 5.78 5.94 6.09 6.25 641 656 6.72 688° 708: 19: 7.84 7 50 
t 5.42 5.63 5.83 6.04 6.25 6.46 6.67 6.88 7.08 17.29 7507.7 7.92°.. 8aa 8.38 8.54 875 8,96 9.17 9.88 9.58 979 10,00 
ve CT 108 F200 Tobe Bie 80% 833 8502-885. - 0at 9.88 9.64 9.90 10.16 10.42 10.68 10.94 11.20 1146 11.72 11.98 1224 19,50 
8 8.18 8.44 8:75 . 9.06 9.38 9.69 10.00 10.31 10.63 10.94 11.25 11.66 11.88 12.19 12.50 12.81 18.13 13.44 18.75 1406 1438 1469 15.00 
is 9.48 9.84 10.21 10.57 10.94 11.30 11.67 12.08 1240 12.76 18.18 1849 13.85 1499 14.58 14.95 15.81 15.68 16.04 16.41 16.77 17.14 17.50. 
4 10.83 11.25 11.67 12.08 12.50. 12.99 1333 1375 14.17 14.58 15.00 15.42 15.88 1693 16.67 17.08 17.50 17.92 18:38 18:75 19.17 19.58 90.00 
ts 12.19 12.66 18.18 13.59 14.06 14.53 15.00 15.47 15.94 16.41 16.88 17.34 17.81. 182g 18.75 19.22 19.69 ° 20.16 20.68 21.09 21.56 22.02 99.50 
§ 13.54 14.06 ‘14.58 15.10 15.63 16.15 1667 17.19 17.71 18.238 18.75 19.27 19.79 20.3] ° 20.83 21.85 -21.88 22.40 22.92 23.44 28.96 24.48 — 95.00 
tb 14.90 15.47 16.04 16.61 17.19 17.76  18.83° 1891 1948 20.05 20.63 21.20 21.77 22.34 22.92 28.49 24.06 24.64 25.21 25.78 26.35 26.93 97.50 
m: 16.25 16.88 17.50 18.138 18.75 19.38 20.00 20.63 21.95 21.88 22.50 28.18 23.75 24.39 25.00 25.62 26.25 26.88 27.50 28.18 28.75 29.38 30.00 
18 17.60 18.28 18.96 19.64 20.31 20.99 21:67 22.34 .93.02 23.70 24.88 25.05 295.738. 26.4] 27.08 Qi (Oe Dordt ee ala: 29.79 30.47 81.15 31.82 39.50 
5 18.96 19.69 20.42 21.15 21.88 29.60 2383 24.06 24.79 95.52 26.25 26.98 27.71, 2844 29.17 29.90 30.63 31.35 32.08 32.81 38.54 34.27 35.00 
1 | 20-31 21.09 21.88 22.66 23.44 24.22 25.00 25.78 26.56 27.34 23.13 28.91 29.69 30.47 31.25 32.03 32.81 33.59 84.88 35.16 35.94 26.72 37.50 
21.67 2250 23.33 24.17 25.00 25.83 26.67 27.50 28.33 29.17 30,00 30.83 31.67 32.59 33.83 34.17 35.00 35.83 36.67 3750 38.38 39.17 40.00 
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SpEibk BOLTS: AND: NUTS: 


TABLE OF WHEIGHTS IN POUNDS OF BOLTS AND NUTS. 
HEXAGON HEAD AND NUT AND ROUND NECK. 


Lenerus of Botts DIAMETERS IN INCHES. 
a pee eee a 5 a a 
nderside 0: ea 
to Point. 4 She | 8 The 3 ie | 8 By g I I} 1} 18 
1 -031| .056| .092| .139| .200] .276] .369}] -613 06 : | 
lt 033} .059] .096|] .144| .207]| .285| .380] .628 5 
lt 035 | .oO1 roo} .150] .214| .295| .391| -644] .989 : | 
1g Gall soley || ctertip ole) oe || etek || oe} |). deleell ees" ooo |leonbe | none |) bone 
13 .038| .068| .x08| .16r] .228| .312| .414] .677 | 1.033] 1.489) ....] ....| +. | 
g .040| .o70| .112| .166| .236] .322] .425] -694/1.055| 1.518] ....] ....] .... | 
li .042| .073| .116| .172| .243] -330] -436] -709| 1.077 | 1.546 | 2.118 
1é +044 -076 .I20 +177 +250 +340 448 +725 | 1-099 | 1.575 | 2.177] «--. Aon 
2, +046] .078| .124| .183] -257} +349 | 458 | .742| 1.121 | 1.604 | 2.214 | 2.951 | 3.851 
Oe .048| .o8r| .128| .189| .264} .358) -470| -758| 1-143 | 1.632 | 2.251 | 2.996 | 3.904. 
2+ 049] .085| .132| .194| .271] -367] -481] -773 | 1-165 | 1.661 | 2.286 | 3.041 | 3.959 
De +051 | .087 136| .199| .279| -376| .492| +790) 1.187 | 1.690 | 2.323 | 3.085 | 4.014 
24 -053| .og0| .140| .205| .286] .385| -504| .806/ 1.209 | 1.718 | 2.359 | 3.131 | 4.067 
2% .056| .095| -149| .216] .300|] .404| .526| -838| 1.252] 1.776 | 2.432 | 3.220 | 4.176 | 
3 .o60} .101} .156| .227| .315 | .422| .549| -872 | 1.296 | 1.833 | 2.468 | 3.309 | 4.285 
3t .064| .107| .164| .238] .329] -439] -571| -903 | 1.340 | 1.891 | 2.577 | 3.398 | 4.303 
3h .067 | .rr2| .173| .248| .343| -458! .592) -935 | 1.384 | 1.928 | 2.650 | 3.489 | 4.502 
3# .o71| .t18] .180| .260] .358| .476] -616| .968 | 1.429 | 2.005 | 2.722 | 3.578 | 4.610 
4 074] .123] .189| .270| .372] -494| -638 | 1.000 | 1.473 | 2.062 | 2.795 | 3.067 | 4.718 
4t .078| .129| .197| .282] 386] .513| -660 | 1-032] 1.517 | 2.119 | 2.867 | 3.756 | 4.827 
43 o8t} .135| .205| .292| -4or| .531] .683 | 1.064 | 1.561 | 2.177 | 2.941 | 3.846 | 4.936 
43 .085| .140| .213| -304] -415| -549| +705 | 1-097 | 1.605 | 2.234 | 3.013 | 3.936 | 5.044 | 
5 -089]| .145] .221| .315| -429] .507| .727 | 1-129 1.649 | 2.292 | 3.085 | 4.025 | 5.152 
54 092] .152| .229| .320| .444] -585| -750| I.16r | 1.692 | 2.348 | 3.158 | 4.114 | 5.261 | 
54 .096| .157| .237| .337| -458| -603| -772 | 1-193 | 1.736 | 2.406 | 3.230 | 4.204 | 5.369 
5i .099| .162| .245| .348] 472] -621| .795 | 1.226 | 1.780 | 2.464 | 3.304 | 4.293 | 5.478 | 
6 103 | .169| .254| .359| -487| -640] -817 | 1.258 | 1-824 | 2.527 | 3.376 | 4.383 | 5.587 | 
64 110] .t79| .269/ .381| -515 | -676| .863 | 1-323 | 1-913 | 2.635 | 3.521 | 4.562 | 5.804 | 
¥f 117] .xrg1| .285| .403] 544] -712] -go7 | 1-388 | 2.007 | 2.749 | 3.666 | 4.741 | 6.020 | 
74 124| .202) .302| .425| .573| -749| -952| 1-452 | 2-088 | 2.865 | 3.812 | 4.920 | 6.238 
8 .213| .319| -447| -Oor| .785| .997 | 1-517 | 2-176 | 2.979 | 3.957 | 5.098 | 6.455 
84 i see | 0334] -469| 631] .822 | r.oqr | 1.581 | 2.264 | 3.094 | 4.102 | 5.278 | 6.671 | 
9 r s+. | 491} .659 .857 | 1.086 | 1.646 | 2.353 | 3.208 | 4.248 | 5.456 | 6.888 | 
94 5 «+e. | -687] .876) 1.131 | 1-710 | 2.441 | 3.323 | 4.393 | 5.636 | 7.106 
10 : sees | 6932 | 1-177 | 1-774 | 2-528 | 3.437 | 4.532 | 5.814 | 7.322 | 
104 : seee | sees | 1-227 | 1.839 | 2.616 | 3.553 | 4.684 | 5.993 | 7.529 
ll ‘ see | eee | eee | 2.904 | 2-704 | 3.667 | 4.828 | 6.172 | 7.757 | 
114 z | | veces | coos | e+ | 2793 | 3:782 | 4.973 | 6.352 | 7.073 
12 : | vee | cece | ceee | sees | 3.896 | 5.119 | 6.531 | 8.191 | 10.066 
PEN PRE e ee eee | 
For each ad- | | 
ditional inch 014} .022| .031| .042| .055| .069  .0854 | .1230| .1676 | .2183 | .2766 | .3408 | .4133 | 4g916| .6691| .8741 
in length add 
! ' | 
To ascertain the weight of any Bolt and Nut having other forms of Head and Nut, take the Weight as shown above and add or 
deduct as under. 
a | | l y ae eae 
For Square | | | | | | 
Head add_ | .0009 | .oo01g | .0033 | .0052 | .0079 | .orI0 | .0156 | .0274 0427 | .0637 | .0843 | .1255 | .1655 | .2154| .3214| .5097 
For Square | | : 
Nut add .. .OOII | .0022 .0038 | .o06r | .oogt | .0128 | .o180 | .0308 .0493 | -0735 | -0974| .I410 | .IQI2| .2487]| .4210] .5874 
For CupHead | 
deduct .. .0050 | .0097 | .0167 | .0267 | .0399 | -0574 | -0780 | .1359 .2151 | 3196 | .4045 | .6263 | .8330| .1073| 1.711] 2.562 
For Square | 
Neck add | .0009 | .0016 | .0031 | .0047 | .0074 | 0106 | .0146 | .0251 .0397 | .0600 | .0804 | .1208 | .1593 | .2012| .3290| .4783 
i | | | 


PEATE 3. 


SOLON Aa AniawAaS OF IAT -pARe 
ee ee ee ee eee 


W082 IS See ale ey CO eS SS. 
ee ees 2 2g. 2b 2B 3 rene, See 4 i 43 


Thicknees 
in Inches. 


6 6 


Bes 


oie “063. (078. 094. 7109 125 41 AG) 2 88.208 4 210" — 234 200° "2.266" ° 281 297 15.4820) . dt 2-859 roLO oh Ol 
L 5 - ob: 1SSe- 5.209 250° 280, .3iSah- S44 375 §«.406 .438 .469 -500 ol .563 594 625-696 <° 688: 719 00> cared 
a sh8S" 234 S28h 828 370 ~=— «422 A696 S63. : 2609. «2656: = 7708 “100. (997 844  .99] 58. 1.964. DI3—- 1208 big salty 
} (200 “ Slae .ovee 458 .900 .063 .625 688 ‘700 - 81> 875. 988 100~ TG6- 1.13. 2.19 bb alot 138 1.44 150 -- 1.56 
“or ‘OLS: 230 469 © .547 1620-5 703) .2 wel 2859 938 1.02 108s Uy 1.25 1.25. 1.41 1.48 P56. “6h °- 372. = 1:80 1585 > 1.95 
Z Sto) ) 469. 56302696 700 844 .988 1.08 IFAs Wome Bp? pre is) ace Ci 1.50 1a TG OT a8 LESS EOF 59106) Dale 2.25 234 
= 4488 — 47° 656°). 366 7D 19845 71209915 1-20 least 1.42 1.538 1.64 1.75 1.86 197 -2:08 PAO 2! 2308 QAI 2.52 2:63. 2.73 
5 00. *- 625 750 «) 875 1000 Hcl 13h eZee F138 1:50, >< 1.68c0 Seo 1.08 O03 %. 2318 = 92,25 2.38 POO 2S sO fOr... OSS 3.00 3.13 
a5 963 2.108 844  .984 bet S27 Sala 1.55 1.69 Sais eco eae 2g ee NO: 20d 295. 223.09) 8.98 O98 a.O2 
é 625 =. 81 938 1.09 W255. 141 1.56 1.72 1368 2:03 G29 4 238 Zan) - 26. 238 2°07 35) [ames 10) eames ye 3.09 3.170 - 8,9] 
4 688 .859 1.03 1.20 138% - 1.55 ere 1.89 2.06 2.238 A Aen 12258 Di Oe 082092. 3.97 5.44 3.61 3.78 3.95 4.13 4.30 
& 750) 936° “ta 181 1.50 1:69 8S 72.06 2252 QAde T26ar2 2oou 3.00 3.19 3.88. 3.56 Sle BOk.” 14 NB i434 4.50 4.69 
+2 813. 61.02. 21.22 1.42 Loss £83 See 0s- 222,23 QA4 2642 2.84. 3.05 owe ~oAD— 3.66, -63.86 AG od ie AeA 4.67 4.88 5.08 
Z Sioa Os. skal 1:53 1.7 LO Ti see Ay 2.63 ,. 2.84 (3.06 13:28 3.50 Bip. - od” 4016 438 459 481 5.03 ba Ay 
es 938) 1.17 ade 64: 1288.5 -QAldevaweoe 222-68 2.8151 S0bi 228) 2 S025) 3.75 3.98 4.22 4.45 4.69 foe Hel6 5:63 
1 1.00 1.25 1.5000. 1.75 2005 22.25 pa Ue 2.75 3.00 oan 3.50 3.75 4.00 4.25 4.50 4.75 8.00 5.25 5.50 6.00 
Thickness 6} 63 7 74 Tk 72 8 8i 83 82 9 9} 93 92 10 10} 103 102 rt 
- |_in_ Inches, i a 
ie A06: {422° 7488 453-469: 484°. 500. col. 258 hd 568" es =. 2094 2609 .625 641 .656 672 .688 ‘ 
$ iSL3.. -.8a41- 5.876) 906" 938." 29694 I.00n4 BUSs2 1506 12092. Tah aller ASO a2 1.25 1.28 1.31 1°34 1.3 1.44. AT. 
15 12 D2 1:36. 1.41 145) © 160:,4 91.600 59: | 164 169) ano dies 1.83 1.88 1.92 1.97 2.02 2.06 211 216 Do) 
m3 LGB» - “1.69. Li 1.81 1882.5 1.94. 58.00) See 259) ©. DOr) O05: ee 2.38 2.44 2.50 2.56 2.63 2.69 2.75 2.81 2.88 2.94 
ate 2086: Qi 5. QO DIL 2Ba e249 250s ee as 9.66: | OFS Sle Tose 2.97 3.05 Sule 3.20 3.28 8.56 3.44 3.52 3.59 3.67 
SDMA D5 os% 2088 27h o 2B S200). 3 Owe ai0ks “Ol. SOR 338) Boa. 3.0bnk 5.06 3.75 3.84 3.94 4.03 4.13 4,22 4.31 4.41 
as DeBAe 2:G5:. > 306. 3,be 1 Bra 98209), 2 8,00 OL S255 -3.88. °° 3040 405 oC 86 4.27 4.38 4.48 4.09 4.70 4.81 4,92 5.03 14 
$ BiG. (8,88) {3,00 3.68.0 S400" 1 3.88. 4.0072. 4.18) 5. A505 4.38 4.50 4.63 4.75 4.88 5.00 5.18 5.25 9°38 5.50 0.63 5.75 5.88 
aoe 3.66 3.80 3.94 4.08 4.22 4.36 4.50 4.64 4.78 492 5.06 520 534 6.48 5.63 5.77 5.91. 6.05 6.19 6.33 6.47 6.61 
£1) 4060" 4.22)" 4.38) 4.53 -- 4.69. 4.84% 5.0005 Srk0 © 5:31.c 5.47 5,08) 2 Oneg 10-04. © 0.00 6.25 6.41 6.56 6.72 6.88 7.03 7.19 Tee! 
44 ZAR 4.64): 4.80 3 4,98" * 5AG:. 33). 6:60 2o:0ihe 6.84 6 6:02; & 6.19 ~ 636 = 66525 650 6.88 7.05 7.22 7.39 7.56 7.73 7.91 8.08 
$ | 4.88 5.06 52a. t > 644 56.68 6S 6.00) 02600 6.3800 6.56: <- 627 (69ers ok 7.50 7.69 7.88 8.06 8.25 8.44 8.63 8.81 
ts Ose - 548) < 5:69 5: 589: 66.09 6802-6500 605) 6b a 7 Se seb Tei 77.92 8.13 8.33 8.53 8.73 8.94 9.14 9.34 9.55 
B1 hG0e 5.90 > 6.13-0 6:82 2 6:56.1 698° 7005 7.227) TASS G6 7.88 $809) 28.30 3 8:58 8.75 8.97 9:19 9.41 9.63 9.84 10.06 10.28 
1 6098 © 6.33. §- 656.7 °6.80-— 7.08->- 7.27 2.750.271 1-787. 5 8.20. 844.7867 80s 9.14 9.38 9.61 962. 1008 10:30 10.55. 10:78. sees 
Pa G5002> 6.76 = 7.008. 7.206 <6.60-2" (276.6 6.00 8.20 2 38:50.— 8.76. < 9/00), ¢ 9125) 7-950), t 8.7 TOG. 1005. 1050 1075 -11.00- 11,.96 1.60" — ANT 
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Praip a 


ANGLE IRONS. 


~ Table giving the Area with One and Two Holes, 7/8 Diameter Deducted, the 
. Gross Area, and the Weight per foot. 


Weight in é 
per foot ae Size of angles. Gross area, Ons. bole des name, Bole ale: 

Inches, Inches. Inches, 

3-96 2k x 24 x ¢ 1.19 .97 “75 
4.98 5/16 I 40 1.19 .92 
5-78 8 1.73 1.40 1.08 
7.50 4 2.25 1.81 1.37 
4.37 23 x 28 x ¢ 1.31 I.09 87 
5.40 5/16 1.62 1.35 1.07 
6.41 8 1.92 1.59 1.26 
7-38 The 2.21 1.83 1.45 
8.33 4 2.50 2.06 1.62 
9.26 16 2.78 2.28 1.79 
4-79 fragt ok 23h. se 1.44 1.22 I.00 
7-03 # 2.10 1.78 1.45 
8.11 The 2.42 2.04 1.67 
ony, $ 2.75 2.31 1.87 
10.19 16 3.04, 2.56 2.07 
II.20 & 3-35 2.81 2.26 
7.06 34 X 34 X 8 2.30 1.97 1.64 
8.84 7/16 2.65 2.27 1.88 
10.00 4 3.00 2.56 2.12 
aaetg 9/16 3-34 2.85 2.35 
12.24. § 3.67 3.12 2.58 
: 13:32 1/16 4.00 3.39 2.79 
i 14.37 Fi 4.31 3.66 3.00 
ie 8.28 34 X 34 x 8 2.48 2.15 1.83 
9-57 7/16 2.82 2.40 2.10 
10.83 Py 3.25 2.81 2.37 
12.07 16 3.60 3.12 2.63 
13.28 8 3.98 3-43 2.89 
14-47, U/ig 4-35 3-74 3-13 
15.62 i 4.68 4.03 3-37 
9-53 4 X 4X 8 2.82 2.51 2.20 
a08) 1/16 3-25 2.90 2.54. 
12.5 4 3-75 3.31 287, 
13.94 9/16 4.16 3.68 3.20 
15.30 g 4.56 4.04. Bust 
16.76 Nig 4.97 4.41 3.82 
18.12 2 5-43 4.78 4.12 
Mey 4h X 44 X 4 4.25 3.81 3-38 
17-45 i] 5.23 4.69 4.14. 
20.62 £ 6.19 5-53 4.87 


SECTIONAL AREA OF PLATES. 
(FOR WIDTHS UNDER 12 INCHES, SEE PREVIOUS PAGE). 


WIDTH IN INCHES. 
Thickness| 12 | 18 | 14) 15 | 16/17) 18 | 19 | 20} 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 80 


5:00)|| 5:25°1' 5.5 5-75 | 6.00] 6.25] 6.50] 6.75 | 7.00] 7.25 | 7.50 


mr 4 3.00 | 3.25 | 3-50] 3.75] 4.00] 4.25] 4.50] 4-75 
5A 3:75 | 4.06] 4.37] 4.09] 5.00] 5.31 | 5.62] 5.94) 6.25] 6.56) 6.87] 7.19] 7.50] 7.82 | 8.12] 8.44] 8.75 | 9.06] 9.37 
4.50 | 4.87 | 5.25] 5.62] 6.00] 6.37] 6.75] .7-12] 7-50| 7:87} 8.25 | 8.62] 9.00} 9.37] 9.75 | 10.12 | 10.50 | 10,87 | 11.25 
a/16 5.25 | 5.69], 6.12] 6.56| 7.00] 7.44] 7.87] 8.31 | 8.75 | 9-19 | 9.62 | 10.06 | 10.50 |. 10.94 11.37 | 11.81 | 12.25 | 12.69 | 13.12 
6.00 | 6.50| 7-00] 7.50] 8.00] 8.50] 9.00} 9.50 | 10.00 | 10.50 | II.00 | II.50 | 12.00 | £2.50 | 13.00 | 13.50 | 14.00 | 14.50 | 15.00 


9/16 6.75 | 7-32 | 7-87 | 8.43] 9.00] 9.56 | 10.12 | 10.68 | 11.25 | 11.84 | 12.37 | 12.94 | 13.50 | 14.06 | 14.62 | 15.18 | 15.75 | 16.31 | 16.87 
8.12 | 8-75 | 9.37 | 10.00 | 10.62 | 12.25 | 11.87 | 12.50 | 13.12 | 13.75 | 14.37 | 15.00 | 15.62 | 16.25 | 16.87 | 17.50 | 18.12 | 18.75 
Ufig 8.25 | 8.93 | 9.62 | 10.31 | 11.00 | 12.68 | 12.37 | 13.06 | 13.75 | 14.43 | 15-12 | 15.81 | 16.50 | 17.18 | 17.87 | 18.56 | 19.25 | 19.93 | 20.62 
= 9:00 | 9.75 | £0.50 | 11.25 | 12.00 | 12.75 | 13.50 | 14.25 | 15.00 | 15.75 | 16.50 | 17.25 | 18.00 | 18.75 | 19.50 | 20.25 | 21.00 | 21.75 | 22.50 
8/ie 9-75 | 10.56 | 11.37 | 12.18 | 13.00 | 13.81 | 14.62 | 15.43 | 16.25 | 17.06 | 17.87 | 18.69 | 19.50 | 20.31 | 21.12 | 21.94 | 22.75 | 23.56 | 24.37 
i 10.50 | 11.37 | 12.25 | 13.12 | 14.00 | 14.87 | 15-75 | 16.62 | 17.50 | 18.37 | 19.25 | 20.12 | 21.00 | 21.87 | 22.75 | 23.62 | 24.50 | 25.37 | 20.25. 
[ie | x2.25 | 12.18 | 13.22 | 14.06 | 15.00 | 15.93 | 16.87 | 17.82 | 18.75 | 19.68 | 20.62 | 21.56 | 22.50 | 23.43 | 24.37 | 25.3 | 26.25 | 27.18 | 28.12 
13.00 | 14.00 | 15.00 | 16.00 | 17.00 | 18.00 | 19.00 | 20.00 | 21.00 | 22.00 | 23.00 | 24.00 | 25.00 | 26.00 | 27.00 | 28.00 | 29.00 | 30.00 


on | OKO om KO 
“I 
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a 
H 
w 
fo) 
° 


3! 
Ai 


ANS Ss Sa 


METAL 1 INCH 
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PRATE @. 


TABLE OF SAFE LOADS OF CAST IRON STANCHEONS 


OF H SECTION. 


TE BN Gyn EN) hee Bra. 


See remarks at foot of the following page, which also apply here. 


EXTREME ENDS ae eA ACNE EME): 

(See Foot Note). . 

panna SIZES. 5 

ee cae 4 | 6 8 10 | 12 14 | 16 18 | 20 | 22 | 24 | 26 | 28 | 30 
al | Length. | 

Area lbs. Wns. | Sinz ] Tons. | Tons. | Tons Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. 
6| 18.72 | 4by 2] 6.8] 3.7| 2.2 | 1.5] 1.0 | 

MON S12 4 ,, 4123.4/16.4/11.4 | 85) 6.1 |... Si 

eee a Ol Go) LO. | 6.7 leauge b-3.4 4) 206: de 

He Adela. 61340964) 19.7 18 114 89) 72) ol 

Pi eorige SI 1841.4) v4 bl | 3.8 1) 28.|-99 | 1,8) 14 

23744 | 6 ,, 4 OHO 18.5:- O19 TA b| 46.816) 80 

14| 43.68] 6 ,, 5 98.5/21.2 16.0 |123) 9.6] 7.7 | 6.3| 5.9 

MBse oe 7. Ss 12.51) 825,67) 4.0 IeB 1-947 3.9.1.6 
-14) 43.68 | 7 ,, 43 LSS Seon Odea eek tea GyAcl iso) ards 

17 53.04 |'7 ,, 6 32.2 '94.5 119.4 | 15.4 ]12.7 |10.4 | 8.7 

43,68 198.4, 4 LOR Melaserss One Os0n) 2) 4 De Bem 

16| 49.92 | 8 ,, 5 Oe 2a MAO dO | 8.8 7.2] bir 

18/ 56.16 | 8 ,, 6 33.6 | 25.9 | 20.6 116.5 | 13.4 | 11.0} 9.2 

15) 468 | 9,4 DO alee eet eel | e624 be 1s. faleecm nae det 

19) 59.28) 9 ,, 6 Oe ed ae tee AO Ae O28 a Bape 7 

BB (1.76-|. 9-3, 8 54.1 | 45.0 | 37.5 | 31.2 |26.2 | 22.0 [18.9 | 16.3 | 14.1 

16} 419.92 |10,, 4 18.2 |13.2 | 9.8) 7.6) 6.0 | 4.8) 40] 33] 2.8 

2062.4 110, 6 36.7 |28.8 |22.8 |18.1 | 14.9 |12.3 |10.8 | 8.7) 7.5 

24! 74.88 |10,,, 8 56.5 | 46.9 | 391 /32.6 | 27.3 | 23.0 |19.8 | 17.0 114.7 |... Eee soa 
18| 56.16 /12,, 4 20.5. eee IO 6.5 67 | 64 | AS) Be Boh Oe ee 
22) 68.64 |12,, 6 AVA 3106. | 20.1 | TOO 16.4.\13/5 111.8. Orbe B21 71 823) oe 
201 Ole 2 1D. 8 61.2 | 50.8 | 42.3 | 35.3 | 29.6 | 25.0 | 21.4 | 18.4 116.0 | 14.0 | 12.3 |10.9 
20) 62.4 |/14,, 4 22,8 | UO UAB to O.D) iO: 1 6.0 6.0% Ae) Ba BD 20s 28 
24/ 74.88 |14,, 6 44.1 |34.6 ) 27.8 [21.7 |17.9 | 14.7 |12.3 |10.5'| 8.9] 7.8] 68 | 5.9 
28) 87.36 |14,, 8 65.9 | 54.8 | 45.6 | 38.0 | 31.9 | 26.9 | 23.1 | 19.8: 17.2 | 15.0 | 13.2 |11.7 
B2| 99.84 | 14,,10 85.3 | 74.8 | 65.1 | 56.2 148.4 | 41.9 | 36.4 | 32.0 .|28.0 | 24.8 | 22.0 j19.8 
26) 8i.12 116.6 47.8 |37.4 |29.6 | 23.5 | 19.4 | 16.0 | 18.4 Idee) O00 | SA Te ee 
301.93:.6 |16,;8 70.6 | 58.7 | 48.9 | 40.8 | 34.2 | 28.8 | 24.5 (21.3 |18.4 | 16.1 | 14.2 |12.6 
34/106.08 | 16,,10 90.7 | 79.5 | 69.1 | 59.7 | 51.4 | 44.5 | 38.7 | 33.9)| 29.8 | 26.3 | 23.4 |20.9 


PEATE 76. 


TABLE OF SAFE LOADS OF CAST IRON STANCHIONS 


OF CROSS -|- SECTION. 


aes cee MENGE TN SE pi EN DS iA AN DY EDX hp: 

(See Foot Note.) SIZES 

ene ; 4 6 8 10 12 14 | 16 18 20 | 22 | 24 | 26 | 28] 30 
tion- | per foot of | —-——_———— 2 Sey Seen a = 

ae mere Equan Arms.| Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. |Tons./Tons. 
5| 16.6 Oy S| G25) BAe Qe 1A Ae0 

renee eg, Ae 2 ey A) 47) 820-1 22.8 

ies OSm Oe 550 9.2 109-7 8x6: Gel pode | oes. sce 

Weeseeo2 | 6 ,, 6 -126:6 | 19.0) | 1364) 0.91 7.451 6.7 | 4.67) . 

MMU Gs ty te lc OM eno iee ge) By 

MON Ge her gp SS [ones ae | 260s OQ Feel 125i Ol | iS 06.00 ee 

iii oa.0t | 9 ,, 9 ise Ae al DONG Or pdOe| 16.0) 113.0) 16:4) O77 =) Bae 

19] 59.28 |10,,10| ... | ... |40.4 |399 | 26.8 |21.9 18.2 |15.2 112.9 110.9 | 9.5 

Pe Gog (LL, VE |* |. 48a 136.6 (83.0.1 27.5 123.0 19.6 116.5 \1ees12.8:) 
Prime. | 1, 19)... | i | 8b lane 130.8 138.5. 198.4 |24.15190.74.17.9) 1.6 | 137 \ soe 
ZO OW) eS) 45 BOP as. th 64 | 56 | 48 | 41 30.4) 30) We 26 23 cmuke 17 | 15/14 
27) 84.24 |14,,14] ... oe | Mees | O43) AS AOS) 3b Te BOr 26 2a 4. 20) | V8 16 
29 | OOES 2) TB: BO | .:. Rie (RO, VS WOO. > BBs S43 oy ole ile Aupeergat | 2d. 19 
31 | 96.72 Me 6 le |e) BE reel FO Bk hhh 40 ch 4941) areiaa | oir | 96 198 


THESE LOADS ARE ONE-TENTH OF THE BREAKING WHIGHTS, 


And have been calculated from the formule of the best authorities The ends of all stancheons should be 
faced true, or great care taken in the bedding. The arms should not be tapered more than is necessary 
for the purposes of moulding. The metal in all cases has been taken as one inch thick. The strength of the 
-stancheons increases in proportion to the thickness of metal, therefore a stancheon two inches thick will 
carry twice the load given in these Tables. 
The Table of H stancheons is practically accurate for channel m8 sections. 


oem oe oe ee 


bis 


Depth of Web 


Multiply the Figures in the following Table, corresponding to the span and depth of the required Girder by the load in tons, the result is the wef sectional area of the bottom flange, of which area (approximately) several sections will be found on the following sheets. 


23 


2 ee eee ee a Ee, De Ee St 


This Table has been calculated for a tensile strain of five tons per square inch of net area. 


LENGTH OF GIRDER BETWEEN BEARINGS IN FEET. 


Puate 7. 


tides (oO 2 290 iS. 44 16> PEAT 16 29 PSO Net (ao Be 25 06 07/998 90 80-21 “80 “83.4 35 S6é<S7 88 280-140 41 42 43 44 .45. 46 47 48 46 56> 5 5O- 53 54 BepcSG Sy GS 50 60 6: G2 G2: 64° 65 G6 67 G8)-69 YO..71 72 73 74°75 YE 7T 
in Inches. : : ; 
12 250 275-300 +325, +350) +375 400 4250-4500 475, 500 «525 550-575 600 625 650-675-700 725. 750-775 B00 «825 B50 B75 goo 925-950 = 0751.00 = «1-025 LO50 1.075 1.0 1.125 1.150 1.175 1.200 E228 Y.25 Leys, 1.3 1.325 3.350 1.375 1-400 1.425 1-450 1-475 1.500 1.525 1.550 1.575 1.600 1.625 1.650 1.675 1.700 1.725 1.750 1.775 1.800 1.825 1.850 1.875 1.900 1.925 1.950 
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SECTIONS OF RIVETTED GIRDERS 
To be used in connection with the Table on previous Sheet. 


THE NET AREA OF THE BOTTOM FLANGE IS GIVEN ABOVE EACH SECTION. 
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Riveszep Gipvers ¥ Curved Roofs : : ; 
Warren Girder, supported at ends and carrying concentrated load at any point. ) Plate i 
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Warren Girder, sur ported at both ends & carrying 15 tons central load. ““*" 
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Warren Girder, loaded at an number of points, either uniformly or otherwise. 
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“BUILDING NEWS.”—May 12th, 1882. 
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EXAMPLES OF IRON ROOFS. 

‘Some time ago we hinted that it would be a useful addition to the architect’s information respecting 
iron roofs and girders if carefully-calculated examples of these structures were within his reach. 
Mr. Thomas Timmins has just published the first volume of a work which professes to supply such a 
want, and to furnish dimensions of iron roofs, and details carefully calculated to resist a wind-pressure 
of forty pounds per square foot of area, and a covering of slates. In addition to these examples, 
outlines of trusses are given, the total load and span being represented by unity, and diagrams of the 
strains are given below each, so that the strain on any bar may be easily found by multiplying the 
figures on each bar by the total load on the truss, the latter being assumed to be 60 Ibs. per square foot im 
of space covered. The volume which is now upon our desk contains examples in outline, with details of 
all connections, and with sizes of iron—particulars most important for architects and others who require 
to specify or order iron roofs of certain spans. They are designed with pitches of 1 in 2, with the rods 
of a slight camber, and these inclinations are the most approved. Hach example or outline is figured 
clearly in every part; the weight is stated, and every particular required is given, even to the diameters 
of bolts. ‘The sections of the tee and angle-irons are those generally rolled and kept in stock, and the 
author judiciously avoids giving large sections of tee-iron for rafters, by placing two angles back to back, 
when large sections of this description are required—a gain in point of economy, as the angle irons can 
be rolled in longer lengths, and are more readily handled. For the struts flat bars are used, with 
3 or 4 in. between, as this is the most easily-obtained section. In another part the connections of 
principals, ties, and struts are given to a scale of 1}in. to the foot. Here are to be found the connection 
of principals with the shoe, junctions of tie-rods with struts and king-rod, raking-ties, and struts, the 
fixing of wood purlins to the backs of principals, &c. Plate 2 gives the details and weights of purlins, 
_ the safe loads and weights of columns, and wrought-iron struts. We find some useful tables for caleu- 

lating the weight per foot super. or per square of area covered. Details are also supplied of ridge-lights 
and ventilators. Another plate furnishes the architect with diagrams of the strains for principals, — 
12 ft. apart. These are drawn to the real load on each truss to a scale of 4 tons to wn inch. The 
outlines are drawn 8 ft. to the inch, and have letters of reference corresponding with others in the 
diagrams of strains, so that the strain on any bar can be readily obtained. Mr. Timmins, in short, has 
published a practical illustration of the value of reciprocal stress diagrams on the plan originally intro- 
duced by Prof. Maxwell. He has shown how any iron truss may be calculated from a simple outline of 
the frame; he has supplied figures and decimals for multiplication for those who have little time to 
make the calculations for themselves, and a variety of practical data which will be welcomed by a large 
class of architects, engineers and students. In designing and specifying iron constructions the architect 
is now obliged to resort either to actual experience or examples, or to make elaborate calculations for 
himself. In a large number of cases he transfers this uncongenial task to the manufacturer or engineer, 


who s thereby placed in an advantageous position. Mr. Timmins’s work may happily save the handing 
over of important constructional ironwork to experts, and thereby time and expense will be saved, and 
economy of metal insured. The plates are 30 in. by 22 im., and are folded in cloth in a strong and durable 
case, while the price of the work is only 12s. 6d., a sum well spent by those who desire to economise 
their labour, and to save the working out of formule by a process of simple multiplication.” 


“ BUILDING AND ENGINEERING TIMES.”—May 27th, 1882. 


«This, like a set of mathematical tables, is one of those works where an author has taken an infinity 
of trouble to economise trouble in those who consult his pages. ‘These can be taken at once as plans for 
use, as they are marked with all dimensions and weights, while details of connections, purlins, coverings, 
and ventilators are also furnished. The convenience to architects and builders of having such a series 
of examples ready to hand is very great, while slight modifications in detail or plan can be easily made 
where necessary. Mr. Timmins is entitled to the thanks of practical constructors for the happy thought 
which inspired his work, as well as for the way in which it is carried out.” 


«BRITISH ARCHITECT.’’—May 19th, 1882. sy 
«‘ We have before us a very useful work for the architect and engineer, entitled, ‘‘ Wxamples of Iron” 
Roofs.” We can commend the work and very specially to students, who will find (besides working out 
diagrams of strains in varying forms of trusses and pitches) a very useful exercise in trying to clothe 
these dry, very dry, bones of engineering construction with those added graces of detail and elegance 
that are possible to give in emphasis of the construction, and that engineers so cheerfully and 
persistently ignore.” 


“ COLLIERY GUARDIAN.” —A4pril 28th, 1882. 


« As iron must ultimately be brought into general use for building purposes, the present work will 
doubtless be highly valued by architects who may be called upon to design erections with that material. 
The calculations haye evidently been carefully made, and may be relied on as practically accurate. We 
recommend Mr. Timmins’s volume for colliery proprietors, ironmasters, and any other of our readers 
who may be contemplating iron erections, or buildings to be roofed with that metal.” 


« THE ARCHITECT.”—July 8th, 1882. 


«“ The examples of roofs which have been prepared by Mr. ‘Timmins are not to be confounded with the 
diagrams that are found in books on iron construction. ‘The latter may be explanatory of a theory, but 
they are not adapted for immediate utilisation. Mr. Timmins shows a recognition of other considerations 

besides those of stability and form. There is no excess of material in any of the parts, and the scant- 
lings employed are available in the market without incurring extra cost. As the dimensions of the 
details are figured and the weights supplied, it is practicable by means of the examples to prepare a 
general design or working drawings for a roof, and to furnish an approximate estimate of cost with 
rapidity. Two sheets of graphic diagrams are supplied indicating the strains on the trusses under 
various loads, and these should be gone over carefully by the student, for it is unworthy of a professional 
man to employ a means which he does not understand. Jn fact, it would be an advantage if Mr. Timmins’s | 
examples were taken as supplementary to books on construction, and as proving the relation between 
practice and theory.” 


«THE IRON MONGER.”—February 20th, 1882. _ 
“Tn this volume Mr. Timmins has compiled a valuable series of sheets of drawings. The diagrams 
are exceedingly well and carefully drawn, and to all who are engaged in this class of constructive 
ironwork these ‘‘ Examples” ought to prove yery useful.” 


«THE IRISH BUILDER.’ —May Ist, 1882. 


‘‘ These are presented in most convenient and pleasing form. ‘To the very large class of practical 
men who have neither time nor inclination—nor, we will add, education to enter into the mathematics 
of strains, this will be found an invaluable work.” 


“THE BUILDER.’’—May 13th. 
‘These outlines and calculations are intended mainly for the use of architects, surveyors, and 
builders, and will be found valuable.” 


“THE MINING WORLD.’—May 13th. ye 
_ “This work, of course, appeals only to a limited class, but to that class it should be valuable.” 
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